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The kinetics of the oxidation of some organoditin compounds by a num- 
ber of substituted l,lO-phenanthroline, 2,2’-bipyridine and 2,2’,2”-tripyridine 
complexes of iron(II1) have been investigated spectrophotometrically in aceto- 
nitrile. The reactions lead to the cleavage of the tin-tin bond with the concom- 
itant reduction of two moles of the iron(III) complex per mole of organodi- 
tin compound reacted. The reactions obey a second-order rate law, first-order 
with respect to distannane and iron(III). The reactivity order of the organoditin 
compounds is Ph,Sn2 < Me&nSnPh~ < Me&& < BusSnl for every iron(II1) 
complex. The reactivity order of the iron(II1) complexes towards any given 
distannane parallels the order of the formal redox potentials of the complexes 
when the ligands bonded to iron(III) are l,lO-phenanthroline, 5-nitro-, 5-methyl-, 
5,6dimethyl-, or 3,4,7,8-tetramethyl-l,lO-phenanthroline and bipyridine. For 
these a linear relationship between the free energy of activation and the stan- 
dard free energy changes related to the actual electron-transfer step is observed, 
the slope (0.44) being in reasonably good agreement with the theoretical pre- 
diction for the proposed outer sphere redox mechanism. 

Introduction 

In a previous paper [l] we reported a kinetic investigation of the oxidation 
of some organoditin compounds of the type RsSnz (Me,Snz, Me~SnSnPhB, 
Ph&i,, Bu&n,) by [ Fe(phen),] (ClO& (phen = l,lO-phenanthroline) in aceto- 
nitrile. We have now carried out a kinetic study on the oxidation of the same 
organoditin compounds by octahedral iron(III) complexes of substituted 
l,lO-phenanthroline [i.e. 5-nitro-l,lO-phenanthroline (5-NOzphen), 5-methyl- 
IJO-phenanthroline (5-Mephen), 5,6-dimethyl-l,lO-phenanthroline (5,6-Me,- 
phen), 3,4,7,8-tetramethyl-l,lO-phenanthroline (3,4,7,&Me,+phen), 4,7diphenyl- 
l,lO-phenanthroline (4,7-Ph,phen)], 2,2’-bipyridine (bipy) and 2,2’,2”-tripyridine 
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stoichiometry was not fuhy established for the reactions with the complexes of 
tripy and 3,4,7,8-Me4phen, owing to the instability of the s+&rting iron(II1) 

R,Sn, + 2Fen’ + 2R,Sn’ + 2Fen (1) 

complexes. However, it was found that with these two moles of iron(I1) com- 
plex are also formed, in good approximation, per mole of organoditin reacted. 
The rate law and the rate constants were evaluated following the procedure 
described in the previous paper [l]. The concentration ranges used were: 

(a) For 5-NOnphen: [Fen’]a, 2.50 X 1O-5-4.OO X lo+ M; [PhsSnzlo, 
9.35 X 1O-5-3.5O X 10m4 M; [Me,SnSnPh&, 1.00 X 10-4-2.50 X 10e4 M; 

(b) For &Mephen: [Fe”‘],, 2.00 X 1O-5-3.OO X lo-’ M; [Ph6Sn2]0, 
9.80 X 1O-5-3.5O X 10m4 M; [Me3SnSnPh3],,, 5.00 X lo-*-2.50 X 10s4 M; 
[Me$nzlo, 7.75 X lo+-2.33 X 10e4 M; [BusSnJo, 6.20 X 1O-s-2.48 X 10m4M; 

(c) For 5,6-Me,phen: [Fel”lO, 1.50 X 1O-s-2.5O X lo-‘M; [PhsSnJo, 
9.80 X lo-*-3.50 X 10v4 M; [Me,SnSnPh,],, 4.65 X 1O-5-2.34 X 10s4 M; 
[Me,Snzlo, 1.50 X_10-4-7.50 X 10-4M;[Bu,Sn,],,6.20 X 10-s-3_10 X 10ms M; 

(d) For 3,4,7,8-Me4phen: [Fe”‘],-,, 1.50 X lo-‘-2.50 X lo-‘M; [MesSnzlO, 
1.40 X 10-4-5.00 X 10d4 M; [Bu,Snz]o, 1.40 X 10-4-5.00 X 10e4 M; 

(e) For 4,7-Ph,phen: [Fe’ulO, 1.00 X 10-5-l.50 X lo-‘M; [Ph&nJo, 
9.35 X 1O-5-3.34 X 10m4 M; [Me,SnSnPh,lO, 6.65 X 1O-s-2.5O X 10e4 M; 
[MeeSnzJo,1.07 X 10-4-4.00 X 10s4 M; [Bu,Sn,],,6.20 X 1O-5-3.1O X 10s4M; 

(f) For bipy: [Fel"lo, 2.00 X 1O-5-3.OO X 10-SM;[Ph6Sn2]o, 
5.35 X 1O-5-3.34 X 10m4 M; [Me&&xPh,]o,5.00 X 10-5-2.50 X 10e4 M; 
[MesSnz],,, 1.00 X 10-4-5.00 X low4 M; [Bu,Sn,],, 6.25 X 1O-s-2.5O X 10M4M; 

(g) For tripy: [Fen’]o, 2.00 X lo-*-3.00 X lo-* M; [Ph&-&, 
9.80 X 1O-s-3.5O X low4 M; [Me,SnSnPh,],, 1.75 X 10-4-5.25 X 10s4 M. 

The reaction rates were evaluated at two temperatures (20 and 35”), with 
the exception of the complexes of tripy and 3,4,7,8-Me4phen for which rates at 
20” only were obtained. At least seven kinetic runs were carried out at each 
temperature and for each system. 

Results and discussion 

AU the organoditin compounds examined undergo oxidation by iron(II1) 
according to eqn. 1, following the second-order rate law (eqn. 2), which was 
previously found for the oxidation of the same distannanes by [Fe@hen),]- 
(C104)3 [l J. The values of hz are listed in Table 1 together with the related ac- 
tivation parameters. The reactivity changes observed on changing either the 
organoditin or the iron(III) complex are mainly caused by changes in only the 
enthalpy of activation. Only for the reactions of the asymmetric distannane 
does an additional entropy contribution seem to operate, possibly as a conse- 
quence of a statistical factor arising when the activated complex involves this 
compound of Iower symmetry. 

- d[Fe1113 = k _ [Fe”‘] _ [R6Sn 

dt 2 2 
] (2) 

The reactivity order of the organoditin compounds examined, PheSn2 < 
Me,SnSnPhs < MesSn2 < Bu6Sn2, appears to be independent of the iron(II1) 
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TABLE1 

SECONDORDERRATE_CONSTANTS, k 2,ANDACTIVATION PARAMETERSFORTHEOXIDATION 
OFORGANODITINCO~OUNDSBYIRON(III)COMPLEXESINACETONITRILE= 

Complex Organoditin T k2 AH* AS 
compound ("C) (lmor's-') (kcalmo~~') (calB1moT') 

Ph&n2 

Me&kSnPhs 

Me@&ZnPh3 

Me&% 

m6SnZ 

Ph&IQ 

MegSnSnPhg 

Me&% 

Bu,+n2 

IFe(3.4,7.8-Me4phen)3l(C104)3 Me&n2 

Bt@q 

LFe(4.7-Ph2phen)31(CC104)3 Ph&n2 

Me$nSnPhg 

Me&q 

BU&n2 

Ph6Sn2 

Me&SnPhg 

Me&n2 

Bu&n2 

Ph&nz 

Me&xSnPh3 

35 

20 

35 

20 

35 

20 

35 

20 

35 

20 

35 

20 

35 

20 

35 
20 

35 

20 

35 

20 

20 

20 

35 

20 

35 

20 

35 

20 

35 

20 

35 

20 

36 

20 

36 

20 

35 

20 

20 

20 

3.35 x lo3 

1.22x 103 

4.04x lo4 

1.95 x lo4 

6.67X lOI 

2.00x lOI 

1.09 x lo3 

428X102 

3.30x lo4 

1.48X lo4 

1.03x lo5 

5.02 X lo4 

4.27X lo1 

1.38 X 10' 

6.25X lo2 

2.63X lo2 

2.29 x lo4 

1.06 X lo4 

6.36 X lo4 

3.02X lo4 

33 x10= 

113 x 103b 

5.79 x 10' 

1.76 X 10' 

9.94X lo2 

4.10x 102 

2.69X lo4 

1.26 X lo4 

1.02x lo5 

4.86 X lo4 

4.90 x 101 

1.49x lOI 

8.20X 10' 

3.34x lo2 

248X 10: 

1.12x 104 

6.12 X lo4 

2.82X lo4 

1.1 x lO=b 

1.8 X lO3b 

11.3 -S 

8.1 -11 

13.6 -6 

10.5 -12 

9.0 -9 

8.0 -10 

12.9 -9 

9.7 -14. 

8.6 -11 

8.3 -10 

13.7 -6 

10.0 -12 

8.4 -11 

8.2 -3 

13.7 -6 

10.1 

8.9 

8.6 

-12 

-10 

-9 

"Errors: k2.+ 3%;AH*.f.lkcalmoi1:AS*.r 3 ealK-'moi'.bi 20%. 

complex considered. A similar trend has been previously found also for the 
reactions of these distannanes with [Fe(phen),](@lO,), [l]. In such a case the 
log k2 values of the different organoditin compounds were found to be linearly 
correlated with the sum of the Taft o* values (Zro”) of the R groups bonded to 
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the tin atoms, showing that the relative tendency of the tin atoms to donate 
electrpns is a primary effect-in determining the above reactivity trend [ 11. A- 
simiku relationship is now found for the reactions with the iron(III) complexes 
examined in tlGs paper, so that the reactivity of a single iron(III) complex with 
a single organoditin compound, at a given temperature, can be expressed by 
relationship 3, where CL is a constant whose value depends only upon the 

log k2 = - 1.29 Ea* + c, (3) 

ligand bonded to iron(III), and X:0* has the meaning assigned above. The occur- 
rence of a constant slope in relationship 3, whichever iron(II1) complex is con- 
sidered (see Fig. l), suggests that the ligands bonded to iron(II1) do no exhibit 
any discriminating steric effect on the reaction rate. The absence of a specific 
steric effect had been found previously for other redox reactions involving 
either the reduction of iron(III)-phenant’hroline complexes or the oxidation of 
the related iron(I1) complexes [3-fj]. In the reduction of these complexes by 
iron(I1) ions [S] such hehaviour was ascribed to the formation of an activated 
complex in which the iron ion had penetrated the space between the phenan- 
throline groups of the iron(III) complex. Such an interpretation hardly explains 
the absence of any discriminating steric effect for the reactions with organoditin 

1. 
5. 

4- 

3- 

2 

E 2. 

l- 

fig. 1. Relationship between CO* and log k2 for the oxidation of Bu&nz (A), Me&n2 (B). ~~~~~~~~ 
(0. and Ph&n2 CD) by iron(lII) complexes in acetonitrile at 20”. Chelating agents: 5-Nolpben (01, tepy 
CA). Pben <*). 5-Mepben (0). 4.7-Phzphen <X ). 5.6-Mqphen (0). bipy (+). 3,4.7&Meqphen (e)_ mb ior 
phen taken from ref. 1. 
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Fig. 2. Relationship between log k2 values for the oxidation of BugSn2 (0). Me&n2 (0). MegSnSnPh3 (a) 
and PhgSn2 (0) by various iron<III) complexes. in acetonitrile at 20”. and the formal redox potentials of 

the iron complexes. Chelating agents: 3,4.7.8-Meqphen (A), bipy (B). 5.GMeiphen (C). 5-Mephen (D), phen (E), 
PNOiphen 0’). Data for phen taken from ref. 1. 

Thus, information on the relationship between AG* and AGO’ can be ob- 
tained by plotting the values of the free energy of activation against 23 Ea’- 
(Fenl/Fen). Linear relationships between AG* and AGO’ are found when such 
plots are made for the four series of reactions and in each case the slope is ca. 
0.44, a value which is in reasonably good agreement with the theoretical value 
of 0.5 expected for a series of similar outer sphere redox reactions 171. 

The 2,2’,2”-tripyridine complex [E”‘(Fem/Fen) = 0.93 V] reacts approxi- 
mately fifteen times more quickly than would be expected on the basis of its 
formal redox potential, whereas, the 4,7-diphenyl-l,lO-phenanthroline complex 
[E”‘(Fenl/Fen) = 1.25 V] reacts nearly sixty times more slowly. Such apparent- 
ly anomalous behavior for these two complexes appears to be rather general in 
view of the fact that similar anomalies have been encountered by other authors 
in the reduction of the iron(II1) complexes under examination by iron(U) ions 
131. A satisfactory explanation of these anomalies is not possible at the present 
time. However, theory predicts [7] that the free energy of activation of the 
electron-transfer process, AG*, is dependent on the free energy of activation of 
the electron exchange reaction between the iron(II1) and iron complexes 
involved in the electron-transfer step, AG*(Fe*n-Fe”), so that the mentioned 
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anomalies couId be the consequence of a different value of AG*(FenLFe”) for 
the complexes containing tripy and 4,7-Ph*phen, compared with a rough& con- 
stant value for the other iron complexes examined. 
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